###### Strengths and limitations of this study

-   This was a retrospective study undertaken over an 11-year period in a large hospital in South-East China.

-   A seasonal autoregressive integrated moving average model was used for the time-series analysis of intussusception in patients younger than 48 months, as the highest number of intussusception cases in South-East China occur within this age group.

-   The models are helpful for predicting intussusception cases in Suzhou and could be useful for developing early warning systems.

-   A time series of important influencing factors, which may affect the forecasting accuracy was not obtained.

Introduction {#s1}
============

Intussusception is the most common cause of intestinal obstruction in the paediatric population, occurring mainly in infants and young children between 3 months and 5 years of age.[@R1] Previous studies have reported that the incidence of intussusception is between 31 and 100 per 100 000 children per year.[@R6] The clinical manifestations of intussusception in children are usually abdominal masses, colicky abdominal pain, paroxysmal crying and bloody stools. Intussusception is still a major public health concern in China; however, the underlying factors influencing the incidence of intussusception are unclear and effective prevention measures are not available. Previous studies by our group have found both a seasonal pattern and climatic factors associated with the incidence of intussusception.[@R5] However, there is no forecasting model for the occurrence of intussusception in children, thus a tool for actively predicting future trends is needed.

In recent years, linear regression, Poisson regression, Spearman's correlation, non-linear methods and autoregressive time series methods have been used to forecast the incidence of some diseases.[@R9] The autoregressive integrated moving average (ARIMA) approach is relatively simple and has more predictive power than linear regression, Poisson regression, Spearman's correlation and non-linear methods. In addition, it does not require the user to know the exact influential variables.[@R11]

In the present study, an ARIMA model was used and applied to time-series data, specifically the incidence of intussusception in patients younger than 48 months in Suzhou, China. To the best of our knowledge, this is the first work to apply ARIMA time-series analysis to fit and forecast the epidemic trend of intussusception in this field.

Methods {#s2}
=======

Study area {#s2a}
----------

Suzhou is a major transportation hub and economic centre located in South-Eastern China. At the end of 2016, the total population in Suzhou was greater than 10 million. Surveillance data in our hospital showed that more than 1000 intussusception cases had been reported since 2011, with cases in patients younger than 48 months occurring at a rate between 54.5 and 130.8 per 100 000 people every year.

Data resources {#s2b}
--------------

The Children's Hospital of Soochow University is the paediatric centre in Suzhou, thus most of the intussusception cases were from this hospital. Some cases from another hospital in Suzhou were included. Once intussusception was detected, though, most of the intussusception cases were transferred to the Children's Hospital of Soochow University for further reduction by air enema or surgery. All the cases were searched using the hospital information system and Picture Archiving and Communication Systems (PACS) imaging workstation in the Children's Hospital of Soochow University. Demographic information (birthplace, gender, birth date), admission and discharge dates were collected. Repeated cases of early recurrent intussusception (12 hours) were excluded from the analysis in this study. The hospital records and radiographs (X-ray) of 13 887 intussusception cases in patients younger than 48 months, who came to our hospital between January 2007 and December 2017 were included in this study. The final diagnosis of intussusception was made using ultrasound combined with air enema or surgery. In the time-series analysis, the month served as the unit of time. The daily recorded numbers of intussusception cases in patients younger than 48 months from 2007 to 2017 were aggregated into months, generating 132 data points (monthly). No identification or personal information was revealed.

Modelling method {#s2c}
----------------

The modelling process was conducted using the appropriate module in SPSS V.23.0. Four processes were used to produce the optimal ARIMA model. First, the original series was subjected to square root transformation to induce stationarity. Next, in the identification step, partial autocorrelation function (PACF), and autocorrelation function (ACF) were used to identify the AR and MA components and the stationarity of the square root transformed series. Non-seasonal differencing term (D) term and seasonal D were applied when the series was non-stationary. Third, model parameters were estimated using the least square method. The parameters with statistically significant differences were retained and the others were removed. The goodness of fit of the models was evaluated by diagnostic checking. The one with the lowest normalised Bayesian information criterion (BIC) and the highest coefficient of determination (*R* ^2^) was considered the optimal model. The partial autocorrelation and autocorrelation of residuals was diagnosed using the Ljung-Box (Q) test to see whether the series of residuals was white noise.[@R11] P\<0.05 was considered statistically significant. Finally, the optimal model was used to predict the expected incidence of intussusception in patients Add younger than 48 moths from January 2017 to December 2017.

Patient and public involvement {#s2d}
------------------------------

There was no patient or public involvement in this study.

Results {#s3}
=======

Surveillance data {#s3a}
-----------------

In all, there were 13 887 cases of intussusception reported in patients younger than 48 months in our hospital between 2007 and 2017 and 92.5% underwent successful air enema reductions. The annual number of intussusception cases in patients younger than 48 months was normalised to the total population and expressed as cases per 100 000 inhabitants. The annual number of recorded cases of intussusception in patients younger than 48 months between 2007 and 2016 is plotted in [figure 1](#F1){ref-type="fig"} and [table 1](#T1){ref-type="table"}. The highest annual number of recorded intussusception cases in patients younger than 48 months occurred in 2014, with 1577 cases, and the lowest in 2007, with 946 cases. Intussusception cases were recorded throughout the year, with major peaks between April and August (online [supplementary figure 1](#SP1){ref-type="supplementary-material"}). Cases of intussusception occurred predominantly in boys each year (63.9%); 66.8% of the cases were reported in patients between 4 months and 24 months, and 88% of the cases occurred in children younger than 36 months of age. The monthly reported incidence of intussusception younger than 48 months exhibited seasonal periodicity, with a major peak occurring from April to July.
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![Monthly observed morbidity of intussusception from January 2007 to December 2016 in Suzhou.](bmjopen-2018-024712f01){#F1}

###### 

Incidence of intussusception from January 2007 to December 2017 in Suzhou, China

                    2007   2008   2009   2010   2011   2012   2013   2014   2015   2016   2017
  ----------------- ------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ------
  Number of cases   946    1049   1074   1105   1356   1452   1567   1577   1520   1206   1035
  Gender                                                                                  
   Male             612    664    670    690    926    886    975    1024   1003   773    656
   Female           334    385    404    415    430    566    592    553    517    433    379
  Age, years                                                                              
   0\~              412    413    411    397    481    558    470    505    441    301    280
   1\~              281    378    368    372    455    462    550    465    465    444    370
   2\~              160    175    201    224    261    289    332    402    376    287    234
   3\~4             93     83     94     112    159    143    215    205    238    174    151

Model identification {#s3b}
--------------------

The data from January 2007 to December 2016 were used for model development. Before development of the ARIMA model, the raw data from January 2007 to December 2016 were transformed by square root to induce stationarity. The ACF and PACF plots of the square root transformed data showed a non-stationary variance ([figure 2A](#F2){ref-type="fig"}), confirming the need for D. As shown [figure 2B](#F2){ref-type="fig"},C the series appeared stationary after one order of seasonal D, which suggested that d and D in the seasonal ARIMA (p,d,q)(P,D,Q)~12~ would be 0 and 1, respectively.

![A. Autocorrelation function (ACF) and partial autocorrelation function (PACF) plots of the square root transformed monthly intussusception incidence. (B) ACF and PACF plots after one order of non-seasonal D. (C) ACF and PACF plots after one order of seasonal differencing.](bmjopen-2018-024712f02){#F2}

Model estimation and diagnosis {#s3c}
------------------------------

Estimates of parameters for possible ARIMA models are shown in [table 2](#T2){ref-type="table"}. A total of 12 models were found to have statistically significant parameters. According to the goodness-of-fit test statistics, the ARIMA (1,0,1 1,1,1)~12~ model was confirmed to be the optimal model, which had the highest R^2^ (0.697) and middle normalised BIC (0.815). The ACF and PACF of the residuals fell within the random CI and showed good fit. The residuals did not show a statistically significant autocorrelation pattern (Ljung-Box test p=0.501), indicating that the residual series was white noise, meaning the information was sufficiently extracted ([figure 3](#F3){ref-type="fig"}).

![ARIMA (1,0,1 1,1,1)~12~ model diagnosis. ACF, autocorrelation function; ARIMA, autoregressive integrated moving average; PACF, partial autocorrelation function.](bmjopen-2018-024712f03){#F3}

###### 

Parameter estimation of autoregressive integrated moving average (ARIMA) models for intussusception forecasting

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Items                    (1,0,1)\      (1,0,1)\      (1,0,1\      (1,0,0)\      (1,0,1\      (1,0,0\      (1,0,0\      (1,0,0)\      (0,0,1)\      (0,0,1)\      (0,0,1)\      (0,0,0)\
                           (0,1,1)~12~   (0,1,0)~12~   1,1,0)~12~   (0,1,1)~12~   1,1,1)~12~   1,1,0)~12~   1,1,1)~12~   (0,1,0)~12~   (0,1,1)~12~   (1,1,0)~12~   (0,1,0)~12~   (1,1,1)~12~
  ------------------------ ------------- ------------- ------------ ------------- ------------ ------------ ------------ ------------- ------------- ------------- ------------- -------------
  *R^2^*                   0.696         0.537         0.613        0.696         0.697        0.612        0.696        0.526         0.575         0.473         0.346         0.597

  Normalised BIC           0.766         1.132         1.005        0.710         0.815        0.956        0.763        1.102         1.047         1.261         1.425         1.106

  MAPE                     12.699        15.683        14.596       12.808        12.758       14.672       12.851       16.206        16.529        18.373        21.167        16.630

  *P* ~Ljung-Box\ (*Q*)~   0.542         0.018         0.677        0.603         0.501        0.668        0.531        0.002         0.000         0.000         0.000         0.000

  AR                       0.845         0.825         0.809        0.781         0.813        0.754        0.778        0.728         −             −             −             −

  MA                       0.136         0.210         0.134        −             0.093        −            0.985        −             −0.639        −0.624        −0.528        −0.615

  SAR                      −             −             −0.447       −             0.018        −0.460       0.008        −             −             −0.473        −             0.100

  SMA                      0.971         −             −            0.990         0.991        −            −            −             0.979         −             −             0.988
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

BIC, Bayesian information criterion; MAPE, mean absolute percentage error; R^2^, coefficient of determination.

Model forecasting {#s3d}
-----------------

Data from January 2017 to December 2017 were used to validate the ARIMA (1,0,1 1,1,1)~12~ model and forecasts. The fitted data showed considerable agreement with the actual data, as shown in [figure 4](#F4){ref-type="fig"} and [table 3](#T3){ref-type="table"}. The actual incidence fell within the predicted 95% confidence limits each time.

![Observations and predictions of the autoregressive integrated moving average (ARIMA) (1,0,1 1,1,1)~12~ model.](bmjopen-2018-024712f04){#F4}

###### 

Comparison of the actual and predicted incidence of intussusception with autoregressive integrated moving average (ARIMA) (1,0,1 1,1,1)~12~ model in 2017

  ------------------------------------------------------------------------------------------------------------
  Month       Actual incidence\       Predicted incidence\    95% CI of forecast (LCL)   95% CI of forecast\
              (1/100000 population)   (1/100000 population)                              (UCL)
  ----------- ----------------------- ----------------------- -------------------------- ---------------------
  January     7.87                    6.94                    4.51                       9.36

  February    6.40                    8.27                    5.28                       11.26

  March       5.09                    8.90                    5.29                       12.21

  April       6.79                    8.96                    5.46                       12.46

  May         7.44                    9.47                    5.85                       13.10

  June        7.76                    8.35                    4.64                       12.05

  July        8.09                    8.36                    4.61                       12.12

  August      7.37                    8.79                    5.00                       12.57

  September   7.23                    7.73                    3.92                       11.54

  October     6.05                    6.83                    3.01                       10.65

  November    5.31                    7.27                    3.44                       11.10

  December    5.56                    6.76                    2.93                       10.59
  ------------------------------------------------------------------------------------------------------------

LCL, low control limit; UCL upper control limit.

Discussion {#s4}
==========

Intussusception occurs most frequently in children younger than 48 months and most cases are idiopathic. Among all cases of the intussusception in the present study, about 97.5% occurred in patients younger than 48 months and about 95% did not have pathological lead points. These findings are consistent with those of a previous study by Guo and Wong.[@R13] They found pathological lead points in about 0.4%--9.9% of intussusception cases. In the current study, 88% of the cases occurred in children younger than 36 months of age. One reason for this may be that the motion of the intestine is more frequent in children younger than 36 months than at other ages. This is consistent with the findings of Chen *et al.* [@R15] In the current study, epidemiological analysis showed that intussusception occurred in boys much more often than in girls ((63.9% vs 36.1%) and Chen *et al* reported 7541 intussusception cases and also found that male children had a higher incidence rate than female children (61.3 vs 38.7 per 100 000 person years, respectively). They also found that the male-to-female incidence rate ratio showed an increasing trend from 1.31 during the first year of life to 2.52 during the ninth year of life.[@R15] A similar trend was also reported by Kimia *et al* (63% boys vs 37% girls).[@R16]

In the 11-year observation period, the number of cases of intussusception increased every year, except in 2016 and 2017. The value normalised to the total population and expressed as cases per 100 000 inhabitants increased from 54.5/100 000 to 130.8/100 000, which is higher than rates of intussusception reported in most other parts of the world (global median: 74 per 100 000 children);[@R2] this means there is a high incidence of intussusception in Suzhou. The current study also found that the monthly reported incidence of intussusception in patients younger than 48 months exhibited seasonal periodicity, with a major peak occurring during the period between April and August, when the weather is warm. This indicates that intussusception occurs mostly during the warm/hot season in Suzhou. Chen *et al* retrospectively analysed intussusception cases over 10 years and they found that the mean number of monthly cases was significantly higher during warmer months compared with cooler months.[@R15] This is consistent with a previous study done by our group in which the occurrence of intussusception was associated with climatic factors.[@R5] It has been suggested that genetic, dietary and environmental factors may play an important role in the variations of intussusception incidence worldwide.[@R7]

Intussusception is an emergency and any delay in diagnosis or treatment may lead to loss of intestinal viability and may necessitate bowel resection.[@R13] There is currently no documented predictive index in the literature for the occurrence of intussusception based on a mathematical model. In a previous study of the effects of climate on the occurrence of intussusception done by our group,[@R5] a seasonal ARIMA model was used for the time-series analysis of intussusception cases in patients younger than 48 months that were collected monthly over a period of 132 months in Suzhou. According to the goodness-of-fit test results, the ARIMA (1,0,1 1,1,1)~12~ model was shown to be useful for monitoring intussusception in patients younger than 48 months and provided estimates of future intussusception cases. The fitted values were well matched with the actual observations. It is possible that a cause for intussusception will not be found, and it cannot be prevented as of now. Therefore, effective measures must be taken in order to prevent the complications associated with intussusception. In the current study, the predictions of intussusception incidence in 2017 adequately captured the seasonal pattern observed in previously obtained data. This could be helpful for predicting future development of intussusception in Suzhou and could help the intussusception surveillance system by providing clear ideas for strengthening prevention and control measures and facilitating the initiation of timely treatment, thus helping to prevent complications due to intussusception.

This study has a number of limitations. First, some children in the area may have gone to hospitals in other cities for treatment of intussusception. This may have led to an underestimation of the incidence of intussusception to some extent, even though the hospitals included in this study are the major centres for the treatment of children in Suzhou and would be expected to see the most cases of intussusception. A time series of important influencing factors such as meteorological data or genetic, dietary, environmental and economic factors was not obtained for the modelling, which may have affected the accuracy of forecasting. The floating population is increasing in Suzhou and may lead to fluctuation in the incidences, which cannot be explained and predicted by the ARIMA model at this time; thus further analysis of such data is necessary.

Conclusions {#s5}
===========

In this study, important baseline information was provided about the current incidence and epidemiological characteristics of intussusception in patients younger than 48 months of age in Suzhou, between 2007 and 2017. This information may be important for evaluating the epidemic of intussusception cases in patients younger than 48 months. In the present study, the ARIMA (1,0,1 1,1,1)~12~ model predicted the incidence of intussusception in patients younger than 48 months in Suzhou. This is an important factor in an early warning system and plays a key role in early detection, timely treatment and prevention of serious complications from intussusception.
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